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ABSTRACT 

Nanjanagudu Rasabale, also known as Rastliali in Tamil Nadu, is one of the favorite banana cultivar of the 
Mysore region of Karnataka state. The cultivar belongs to Musa spp., AAB, Silk subgroup, which is under threat of 
extinction, due its susceptibility to Fusarium wilt Race 1. In order to improve its resistance characters and create variation 
through mutagenesis, an investigation was carried out at Centre, for Horticulture Biotechnology, Bagalkot. The 
experiment was conducted with two chemical mutagens (EMS- 0.30%, 0.60%, 0.90% and 1.20% and NaN 3 - 0.01%, 0.02% 
and 0.03%), of various concentrations. The lowest plant survival (52.50) and regeneration (87.50 %) was observed, from 
EMS at 1.20 %. With same EMS concentration, the days taken by the explants for spouting was 5.70 days, whereas, 
untreated control at 4.20 days. The minimum concentration of NaN 3 at 0.01%, recorded the highest (4.70 g) fresh weight 
and higher doses, invariably have minimum weights. Due to the stimulatory effects, lower concentrations of chemical 
mutagens, 100 per cent rooting was observed meanwhile, there was no rooting in EMS 1.20 % treated microshoots. The 
mutagen concentrations of EMS at 0.90 % and NaN 3 , at 0.01 % have been found to be advantageous in creating 
variations. 
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INTRODUCTION 

Bananas and plantains (Musa spp.) are widely grown in India, with great socioeconomic significance and 
interwoven in the cultural heritage of the country. Banana culture in India is as old as Indian civilization, and is one 
of the earliest fruit crops grown by mankind, at the dawn of civilization. The wide range of adoption of banana is 
due to its appreciable genetic diversity and suitability, to varied agro climatic conditions. The diverse agro climatic 
conditions have encouraged the development and sustenance of a large number of varieties, catering to local needs 
(Rajamanickamef al., 2006). The cultivar Nanjanagudu Rasabale (Musa spp., AAB, Silk subgroup), geographical 
indication tagged and once leading cultivar of the then Mysore province, is under threat of extinction due to its 
susceptibility to Panama disease (Poojae/ al., 2013). The variant now, which is at the danger of extinction, has to 
strictly bred, by potential methodology to save and preserve as a germplasm. 

Conventional breeding methods have been of limited success in Musa species, due to parthenocarpy, 
polyploidy in many cultivars, and limited available information on genetics and genomics (Chopra, 2005; 
Capdevillee/ al., 2009). Mutation breeding and biotechnological methods can offer alternative tools, for banana 
improvement. Mutation breeding in vitro, is a powerful tool for the induction and selection of desirable mutants, 
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which can be utilized in banana improvement, either for higher yields, good quality and resistance to biotic and abiotic 
factors (Purseglove, 1998). The purpose of mutation induction is to enhance the mutation rate, in a short duration, in 
developing new plant varieties. The occurrence of spontaneous mutation frequency rate is very low and difficult to use, in 
plant breeding. 

Traditionally, mutations are induced by physical (e.g. Gamma radiation) and chemical (e.g. Ethyl Methane 
Sulphonate) mutagen treatment, of both seed and vegetative propagated crops (Jain, 2010). Chemical mutagens, generally 
produce induced mutation, which leads to base pair substitutions, especially GC~AT resulting in an amino acid change, 
which change the function of proteins, but do not abolish their functions as deletions or frame shift mutations mostly do 
(El-Sayedef al., 2012). The mutants, so produced facilitate the isolation, identification and cloning of genes used in 
designing crops with improved yield and quality traits (Ahloowalia and Maluszynski, 2001). Keeping in view these 
considerations, an investigation was undertaken to study and analyze the efficacy of chemical mutagens, on crop 
improvement of Nanjanagudu Rasabale. 

MATERIALS AND METHODS 

The experiment was carried out, using the in vitro shoot tips of banana cv. Nanjanagudu Rasabale. To induce 
mutation, several chemicals have been used in banana. However, Ethyl Methane Sulphate (EMS) and Sodium Azide 
(NaN 3 ) has proved to be, one of the most effective chemicals. 

Methodology of Mutagen Treatment 

Mutagenic studies were carried out using the in vitro shoot tips, of Nanjanagudu Rasabale. The shoot tips were 
soaked in EMS (Ethyl Methane Sulphonate) and NaN 3 (Sodium Azide), at different concentrations of 0.30, 0.60, 0.90, 1.20 
per cent and 0.01, 0.02, 0.03 percent, respectively, along with control immersed in sterile water, for 30 minutes. These 
treated shoot tips were dried on blotting paper, to remove surface moisture. Later, the shoot tips were transferred to MS 
medium. 

Subculture, Rooting and Hardening 

After Ethyl Methane Sulphonate and Sodium Azide treatment’s multiple shoot bud explants, were immediately 
transferred onto MjVj multiplication MS medium supplemented, with 4 mg/1 benzyl amino purine (BAP), 30 g/1 sucrose 
and solidified with 7.0 g/1 of agar. Further, sub culturing was performed at an interval of 30 days, up to MV 4 in order to 
dissociate chimeras. Individual shoots of M 1 V 4 cultures were cut and transferred on to l/4 th strength of MS medium, 
supplemented with 2.0 mg/1 IBA and 3 g/1 activated charcoal, for induction of adventitious roots and to obtain rooted 
plantlets. 

After rooting, plantlets were taken out of culture bottles and washed thoroughly, to remove agar medium adhered 
to the roots. The plantlets were treated with 1% Bavistin, for 5 minutes. Later, plantlets were transferred to a pro - tray 
containing sterilized coco peat, and kept under greenhouse for 4 weeks. Plants were further transferred to polybag 
containing red soil + sand + FYM (1:1:1 v/v), potting mixture and raised under shade house for six weeks. 

Statistical Analysis 

Analysis of variance, for effect of chemical mutagens on banana cv. Nanjanagudu Rasabale, in inducing variation 
was analyzed in a Completely Randomized Design (CRD). The levels of significance, used for the F - test was at 1 percent 
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probability. Critical difference values were given in the table was at 1 percent level of significance, where the F-test was 
significant and used to compute the means. Values in the percentages were subjected to arcsine transformations, to ensure 
homogeneity. Wherever, values were 0 percent or 100 percent, Arcsin (l/4n) and Arcsin (100-l/4n), where n is the number 
of observations, that make up the percentage, where the substituted, respectively. 

RESULTS AND DISCUSSIONS 

Growth of Microshoots 

The data related to percent survival of explant was found to be statistically significant (Table 1). The minimum 
percent survival of explant (52.50) was observed in EMS 1.2%, which was followed by T 3 (91.25) EMS treatment. The 
maximum (100) percent survival of explant was observed in T ,, T 2 , T 5 and T 8 . It was found that, percent survival was 
reduced as the dosage of Ethyl Methane Sulphonate, increased from 0.30 % to 1.20 % and same trend was also observed in 
Sodium Azide treatments (0.01% - 0.03 %). However, the percent survival was increased in a lower dose of mutagens, as 
the sub cultures increases after mutagenic treatments, except in Ethyl Methane Sulphonate concentration of 1.20 %, which 
showed a reduced response in subculture after subculture. The similar results were also found from reports of El-Sayedet 
al., 2012, who found incorporation of Sodium Azide into culture medium, affected the rate of plant survival, which was 
found to be decreasing with the concentration of Sodium Azide, increased from 1-3 mg L' 1 . The trends in response were 
also comparable with the studies of Bhagwat and Duncan (1998), which is generally accepted that, the frequency of 
mutations increases with an increase in dosage and dose rate. 


Table 1: Effect of Different Doses of Ethyl Methane Sulphonate and Sodium 
Azide on Microshoots Growth in Banana Cv. Nanjanagudu Rasabale 


Treatments 

Per Cent Survival 

Per cent 
Regeneration 

Days Taken 
from Bud 
Sprout 

Number of 
Sprouts per 
Explant 

Fresh Weight 
(gm) 

T r EMS at 0.30 % 

100.00 (89.71)* 

100.00 (89.71)* 

4.53 

3.24 

4.20 

T 2 -EMS at 0.60 % 

100.00 (89.71)* 

100.00 (89.71)* 

5.20 

2.91 

3.60 

T 3 -EMS at 0.90 % 

91.25 (75.44)* 

100.00 (89.71)* 

5.40 

2.83 

3.40 

T 4 -EMS at 1.20 % 

52.50 (46.44)* 

87.50 (72.30)* 

5.70 

2.30 

2.30 

T 5 -NaN 3 at 0.01% 

100.00 (89.71)* 

100.00 (89.71)* 

4.30 

3.45 

4.70 

T 6 -NaN 3 at 0.02% 

100.00 (89.71)* 

100.00 (89.71)* 

4.45 

3.86 

3.83 

T 7 -NaN 3 at 0.03% 

97.50 (85.17)* 

95.00 (83.17)* 

4.68 

3.28 

3.67 

T 8 -Untreated control 

100.00 (89.71)* 

100.00 (89.71)* 

4.20 

4.24 

3.45 

S. Em. ± 

2.43 

2.39 

0.07 

0.17 

0.10 

CD @ 1% 

9.63 

9.47 

0.28 

0.66 

0.40 


* Figures in parentheses indicate arcsine transformed values 


The analyzed data indicated that, there was a reduction in the percent regeneration of explants, with an increase in 
the concentrations of mutagens. The maximum (100) percent regeneration was observed in all other mutagenic treatments 
and control. The minimum percent regeneration of explants (87.50) was observed in EMS 1.20 %, followed by T 7 (95.00). 
These results are conformity with the results of Talebie/ al., 2012, obtained indicate that, a reduction in seed germination 
occurred with a corresponding increase in EMS concentration. This also might be because; the proliferating buds are 
actively dividing explants with very few leaf sheaths, which would have made it more sensitive to mutagens. This is in 
conformity with the findings of Kantogluc/ al. 2010, who have also reported the differential sensitivity of explants, for 
mutagens. Similar results were also obtained from Bhagwat and Duncan (1998), for Ethyl Methane Sulphonate 
mutagenesis, the recommended treatment is 30min/200 mM. With this treatment, the highest FE (5.8) was obtained with a 
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survival of 80% and shoot regeneration from 31.6% of apices. The regeneration obtained with this treatment was not 
significantly different from the 30 min/100 mM treatment, which resulted in 100% survival and a lower FE (4.5). 



a) EMS at (UO % b) EMS at 0.60 % c) EMS at 0.90 % d) EMS at 1.20 % 

t) NaNj at 0.01 % ft NaNj 0.02 % g) NaN 3 0.03 % h) Untreated control 

Figure 1: In Vitro Growth of Shoots Treated with Ethyl Methane Sulphate and 
Sodium Azide AT 120 Days after Mutagen Treatment 

The lowest number of days for bud sprouting (4.20), was taken by Untreated control, which was on par with T 5 
and T 6 4.30 and 4.45, respectively. The maximum days for (5.70) sprouting was observed in EMS 1.20 %, followed by T 3 
(5.40) and T 2 (5.20). The increase in chemical concentration has increased the days taken for bud sprouting. This might be, 
due to varied chemical accumulation on the surface of the meristems, which interfered in the normal physiology of external 
growth. The similar statement was recorded by Saras wathiet al., 2016, the enhanced reactivity of the mutagen with the 
target tissues at higher concentrations and prolonged duration of the treatment. Prolonged treatments, with higher doses of 
mutagen are likely to result in a relatively higher physiological damage, in relation to the mutation rate. 

EMS and NaN 3 , greatly affected sprouting of the explants. Among the treatments, maximum number of sprouts 
per explant (4.24) were observed in Untreated control, which was on par with T 6 (3.86). The minimum (2.30) number of 
shoots per explant was observed in EMS 1.20 %, which was on par with T 3 (2.83). The reduction in the number of shoots 
per explants, at higher concentrations of Ethyl Methane Sulphonate, may be due to chemo sensitivity of the cultivar. These 
results are comparable with the study of Omer et ah, (1989) in banana cv. SH-3362. He reported that, chemo sensitivity 
was cultivar dependent and this could be attributed to genomic composition and ploidy levels, affecting accumulation of 
mutagenic compounds in the shoot tips, which is an essential step towards mutation induction. 

The maximum shoot length (4.8) was observed in NaN 3 0.01%, which was on par with Tiand T 6 (4.70 and 4.33 
respectively). The minimum (2.10) length of the shoot was observed in EMS 1.2%, which was followed by T 3 (3.05) at 
fourth sub culture. Growth was better at lower doses of chemical mutagens, as compared to higher doses. Similar results 
were also recorded by Tale bi et ah, 2012 who reported seedling height decreased in proportion with the increase in applied 
EMS concentration. This trend is quite common in the mutagen Zed population, such an effect is known to arise due to 
drastic chromosomal aberration, in addition to genetic mutations (El-Sayede? ah, 2012). 

From various chemical mutagen concentration, maximum fresh weight of explant (4.70) was obtained in NaN 3 
0.01%, which was followed by T and T 6 (4.20 and 3.83 respectively). The minimum (2.30) fresh weight of explant was 
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observed in EMS 1.20 %, which was followed by T 3 (3.40) at fourth sub culture. The interaction for the average fresh 
weight of explant was found statistically significant. The reduction in weight at higher concentration, may be attributed to a 
reduction in the growth of the plantlets at higher concentrations, in banana cv. Kayinja was observed by Cieslakef al. 
(2012) and Musokee/ al. (1999). Saraswathief al., (2016) reported that, the fresh weight gain in untreated control was 
significantly higher than the mutagen treated explants. They also reported that, after three weeks of initiation, the fresh 
weight gain, decreased significantly with an increase in both the concentration of chemical mutagens and the duration of 
treatment. 

In Vitro Root Parameters 

In vitro rooting was induced in shoots of banana cv. Nanjanagudu Rasa bale, after four sub cultures (Table 2). 

The effect of different doses of Ethyl Methane Sulphonate and Sodium Azide, on rooting of in vitro shoot tips was 
found to be significant. The maximum (100) percent rooting was observed in all treatments, except T 3 and T fi (98.75 and 
95.00 respectively). This clearly shows that, the high dose of Ethyl Methane Sulphonate and Sodium Azide inhibited the 
rooting of in vitro shoot tips, that are attributed because of the chemo sensitivity of the mutagens. Our findings are 
comparable with Wi et al., 2007, who stated that, the high-dose treatment which caused growth inhibition has been 
ascribed to the cell cycle arrest, at G2/M phase during somatic cell division and/or various damages, in the entire genome. 


Table 2: Effect of Different Doses of Ethyl Methane Sulphonate and Sodium 

Azide on Rooting of Microshootsin Banana Cv. Nanjanagudu Rasabale 


Treatments 

Per Cent 
Rooting 

Length of 
Primary 
Root (cm) 

Length of 
Longest 
Root (cm) 

Number of 
Secondary 
Root 

Number of 
Primary 
Root 

T r EMS at 0.30 % 

100.00(89.71)* 

6.30 (2.59) + 

8.30 (2.99) + 

53.00 (7.30) + 

3.40 (1.96) + 

T 2 -EMS at 0.60 % 

100.00 (89.71) 

5.70 (2.49) 

14.40 (3.84) 

67.00 (8.20) 

3.60 (2.02) 

T 3 -EMS at 0.90 % 

95.00 (83.14) 

4.60 (2.23) 

9.80 (3.20) 

32.00 (5.67) 

5.60 (2.44) 

T 4 -EMS at 1.20 % 

0.00 (0.28) 

0.00 (0.70) 

0.00 (0.70) 

0.00 (0.70) 

0.00 (0.70) 

T 5 -NaN 3 at 0.01% 

100.00 (89.71) 

5.10(2.34) 

10.30(3.31) 

69.00 (8.33) 

2.90(1.80) 

T 6 -NaN 3 at 0.02% 

98.75 (86.55) 

4.30 (2.17) 

9.60 (3.20) 

47.00 (6.88) 

3.10(1.91) 

T 7 -NaN 3 at 0.03% 

100.00 (89.71) 

3.80 (2.05) 

6.80 (2.73) 

28.00 (5.32) 

3.70 (2.02) 

T 8 -Untreated control. 

100.00 (89.71) 

5.40 (2.44) 

9.40 (3.151) 

36.00 (6.03) 

4.20 (2.16) 

S. Em. ± 

1.82 

0.28 

0.33 

2.61 

0.47 

CD @ 1% 

7.21 

1.09 

1.32 

10.31 

1.87 


* Figures in parentheses indicate arcsine transformed values 


The longest root was observed in EMS 0.60 %, followed by T 5 and T 3 (10.30 and 9.80, respectively). The 
minimum (6.30) length of longest root was observed in NaN 3 0.03%, which was on par with 'Ij (8.30) and T s (9.40). 
Significantly, highest (6.30) length of primary root was observed in TiEMS 0.30 %, which was on par with T 5 and T 8 (5.70 
and 5.40 respectively). The minimum (3.80) length of primary root was observed in NaN 3 0.03%, which was on par with 
T 6 (4.30) and T 3 (4.60). The inhibitory effect of Ethyl Methane Sulphonate and Sodium Azide, was observed in the case of 
length of the longest and primary root production. The highest length of roots was obtained from Ethyl Methane 
Sulphonate (0.60 % and 0.90 %) and Sodium Azide (0.01%), treated shoot tips as compared with control. Again, reduction 
in root length occurred with a corresponding increase in the concentration of Ethyl Methane Sulphonate. This might be 
attributed to the interference in the synthesis of IAA, at higher doses of mutagen. These findings are comparable with 
Karmakare? al., 2000, statements that high dose of mutagens, generally induce harmful effects on rooting. Such harmful 
effects have often been considered, due to interference in the normal physiological functioning. 


www.tjprc.org 


editor@tjprc. org 



















172 


Kishor. H, Abhijith. Y. C & Manjunatha. N 


The maximum (5.60) number of primary roots was recorded in EMS 0.90 %, which was on par with T 8 (4.20). 
The minimum number (2.90) of primary roots was observed in NaN 3 0.01%. Among, the treatments, maximum (69.00) 
number of secondary roots were recorded in NaN 3 0.01%, which was on par with T 2 (67.00). The minimum number (28.00) 
of secondary roots was observed in T 7 NaN 3 0.03%, which was on par with T 3 (32.00) and T 8 (36.00). In the present study, 
the results of analyzing data related to the number of primary and secondary roots per plantlet, revealed significant 
differences for chemical mutagens. The highest number of smaller primary roots was obtained from Ethyl Methane 
Sulphonate 0.90 %, as compared with control. The maximum secondary roots were produced from Sodium Azide 0.01%, 
which is because of the stimulatory effect of Sodium Azideat lower concentration that increased the number of roots 
(Salimef al, 2009). 
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